Introduction: Iodine is essential for thyroid function, and iodine deficiency during
| INTRODUC TI ON
Gestational diabetes mellitus (GDM) has critical short and longterm health implications for both mothers and children. As Western populations shift to more sedentary lifestyles, increasing numbers of women are entering pregnancy overweight or obese and insulin resistant, which increase rates of GDM.
1 Thyroid hormones are involved in glucose metabolism and insulin sensitivity, and thyroid disease and diabetes are common comorbid conditions. 2 Only a few studies have examined the relation between thyroid function and development of GDM, and these have produced mixed results. [3] [4] [5] [6] [7] [8] More data are needed to characterize how thyroid function may affect GDM risks.
Iodine is essential for healthy thyroid function, and iodine deficiency has been recognized as an important health problem in the USA and parts of Europe (including Finland). 9 Pregnant women have higher iodine requirements than non-pregnant women, and are more likely to be iodine deficient than non-pregnant women. 9 Iodine status and thyroid function play an important role in metabolic function. However, no published studies have examined the potential role of iodine deficiency in the relation between thyroid function and GDM, nor are there reports of iodine concentrations and pregnancy outcomes in Finnish women. 2, [10] [11] [12] The main objective of our study is to explore the relation between thyroid hormones, iodine concentrations, and risk of GDM in Finnish women.
| MATERIAL AND ME THODS
We conducted a population-based, nested case-control study within the Finnish Maternity Cohort (FMC) with pregnancy and perinatal outcome data from the Finnish Maternal Birth Register.
Since 1983, the FMC has collected approximately 2 million serum samples from more than 950 000 women in Finland, comprising 
| Statistical analyses
Distributions of variables between case and control groups were compared using descriptive statistics and statistical tests for normality. Parametric or nonparametric Mann-Whitney U and chi-square tests were performed to examine differences as appropriate, depending on whether data were normally distributed. Logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for GDM by increasing concentration of iodide, Tg and TSH. High, normal, low and very low iodide were defined as > 75th percentile, 25-75th percentile, <25th percentile and <5th percentile of the distribution in the control population, respectively.
Key message
Abnormal thyroid function and iodine deficiency have been suggested to play a role in risk of gestational diabetes mellitus.
Our population-based case-control study found no evidence of association between serum iodide, thyroglobulin, thyroidstimulating hormone, and gestational diabetes mellitus.
Tg concentrations were categorized as very high (>95th percentile in the control population, >83.6 μg/L) and high (>75th percentile, were considered significant at the alpha <0.05 level. Analyses were performed using SAS 9.4 (SAS Institute, Cary, NC, USA).
| Ethical approval
Mothers in the FMC provided informed written consent for their samples and data to be used for research purposes. 
| RE SULTS
Women with GDM were older (median of 31.0 years compared to 29.0 years) and had higher body mass index (median of 26.7 compared to 23.5) than women without GDM ( 
| D ISCUSS I ON
In our large, prospective, nested case-control study, we found that thyroid function and iodine concentration in early pregnancy
were not associated with increased risk of GDM. We observed that higher Tg concentrations (which are generally higher in populations with iodine insufficiency) were not associated with GDM, nor were elevated concentrations of TSH. We also found that low serum iodide was not associated with risk of GDM in this representative population, which was generally euthyroid, with Tg and TSH mostly within the normal range, and with only mild levels of iodine insufficiency. Ours is the first study to prospectively examine thyroid function and risk of GDM using serum iodide as a factor.
From these results, it seems unlikely that iodine deficiency-related thyroid dysfunction plays an important role in recent increases in rates of GDM in developed countries with mild iodine deficiency.
Thyroid conditions have been linked to GDM in some studies, however overall results have been mixed. A meta-analysis reported that risk of GDM was higher in pregnant women with subclinical hypothyroidism compared to euthyroid pregnant women; however, this finding was not significant after sensitivity analyses. in the Consortium on Safe Labor, a retrospective cohort study. 4 Karakosta et al found elevated TSH >2.53 mU/L was associated with increased risk of GDM. 6 In contrast, Yang et al found higher levels of TSH >1.36 mU/L were associated with reduced risk of GDM. 15 In the Fremantle Diabetes Study, Kapadia et al also found that higher levels of TSH were associated with insulin sensitivity. 2 Some studies of treatment for hypothyroidism in pregnancy have reported associations with GDM, however other studies have found no association. [16] [17] [18] Our study sample of healthy euthyroid women had low levels of TSH which were all essentially within the normal range. In vivo and in vitro studies have shown associations between hypothyroidism and insulin resistance, however these have been reported at more severe levels of thyroid dysfunction. 11, 12 We are aware of only one prior study that directly assesses the association between iodine levels in early pregnancy and GDM. 19 Charoenratana et al found an association approaching significance (RR 1.79; 95% CI 0.95-3.37) among women in Thailand. However, women included in that study had high levels of iodine insufficiency compared to those among Finnish women. 20 Varying levels of underlying iodine insufficiency between the two populations, as well as differences in race, genetics, thyroid function, environmental factors, and geographic area, make comparison between the studies difficult. Participants in the Charoenratana et al study were only selected if they were not taking iodine supplements, while subjects in our study were a random sample of pregnant women and likely included women who used supplements containing iodine. A recent study examining the effects of iodine on thyroid function observed a U-shaped relation between iodine concentration and Tg, where both very low and very high levels of iodine associated with high Tg. 13 The women in our representative sample were predominantly euthyroid, occupying the bottom curve of the U-shape, which may explain our observed associations between iodide and reduced risk of GDM. 13 The mechanisms explaining the relation between higher levels of iodine and increased Tg remain to be explored. Higher Tg levels may be related to the Wolff-Chaikoff effect, in which iodine inhibits the thyroid from synthesizing thyroid hormone, resulting in higher levels of Tg and TSH. 21 Other studies have also shown low correlations between iodine and TSH among pregnant women. [22] [23] [24] It is likely that only severe iodine deficiency would affect TSH excretion, as the thyroid becomes unable to produce T4 or T3 and low circulating hormones lead to TSH elevation.
Our study had a number of strengths. Data on exposures, outcomes, and confounders were collected prospectively. Cases and c Mann-Whitney U tests were used to test differences in continuous variables, while chi-squares were used to test differences in counts.
controls were selected at random from national administrative records covering the entire population of pregnant Finnish women, thus reducing risk of selection bias. While most studies of iodine status have used urinary iodine concentrations-which are susceptible to high day-to-day variability from recent dietary intake and urine dilution-our study used a novel measurement of iodide concentrations in serum, reducing the shorter-term variability common in most urinary biomarkers. 25 Diagnoses of GDM were made by physicians according to standardized guidelines. Our study also had several limitations. Data were not available on whether pregnant women took iodine-containing supplements after blood samples were taken. If iodine levels at later periods of gestation are more relevant to risk of GDM, this would hinder our ability to detect an association. Further study of iodine status at later stages of pregnancy is necessary to confirm our findings. Data were also unavailable on possible treatments for hypothyroidism prior to pregnancy, however recent trials of treatment for subclinical hypothyroidism showed no effect on GDM. group would be sufficient to detect a 10% difference in prevalence of iodine deficiency between cases and controls with >80% power.
Our study examined numerous comparisons, and the associations that achieved statistical significance at the P < 0.05 level were not significant after accounting for multiple testing.
| CON CLUS ION
Our study provides reassuring new evidence that low levels of iodide are not associated with increased odds of GDM in this population of pregnant Finnish women. In other Nordic countries once thought to be iodine sufficient, there is growing evidence that changing dietary patterns are increasing the prevalence of iodine deficiency, making surveillance of iodine status and thyroid function in populations known to be mildly iodine deficient, such as Finland, of crucial importance. 20, 24, [27] [28] [29] The most common sources of iodine in the Finnish diet are from dairy products (from voluntarily fortified feed) and iodized salt; however, consumption of both dairy and salt in the country has declined over the past decade. 20 Characterization of the potential risks of mild iodine deficiency is also crucial for estimating possible health gains from improved iodine supplementation policies. 30 While numerous studies have examined the effects of iodine deficiency on birth outcomes in offspring, few studies have explored associations between mild iodine deficiency, its relation with thyroid function, and GDM. Our study is the first to explore the relation between these metabolically linked factors, and the first to report on iodine status and GDM in this population. In future studies, both iodine concentrations and iodine supplement intake should be examined longitudinally throughout the gestational period to confirm these findings.
